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TITLE 

SYNTHESIS AND EVALUATION OF NEW CYANINE DYES AS MINOR GROOVE 
OF [POL VidA-dT i], BINDERS 

5 DESCRIPTION 

i i field 

The present invention relates to new cyanine dyes particularly suited for use in DMA 
sequencing in particular minor groove [poly(dA-dT)] 2 binders. 

10 

- - - of the invention 
The introduction of combinatorial chemistry, the sequencing of the human genome and 
miniaturisation, e.g. lab-on a chip, nmiochemistry, has enabled the creation of vast libraries 
of "new chemical entities", millions of which must be quickly tested by high-throughput 

15 screening to identify active sites and drugs. Drugs that bind reversible reversiblvt o DNa in 
the minor groove of DNA fees have been synthesised with the aim to generate new lead 
compounds with anticancer and antiviral properties. 'Formerly, radioactive probes have been 
used to study the effects of drug-DNA interactions but during the last years they have 
started to be replaced by different fluorogenic assays. Today, drug-DNA interactions are 

20 mainly studied with absorbance spectroscopy, fluorescence dye dispkKHjmsste dis plac ement 
assays, footprintmg or NMR. Since the numbers of fluorescence markers are limited to a few 
there is a challenge to discover new fluorescent dyes that circumvent the limitations on those: 
that now are available. New fluorogenic compounds that bind in the minor groove can either 
work in dye displacement assays or give insight is how subsntuents may work as minor 

25 groove recognition elements. 

vtoeci v v. ■>! \- <h > n n >n Linoi. l _J _ n 1 

emission yield upon excitation. A limitation is that there are not many fhiorophores that give 
a high increase in fluorescence upon hybridisation or reaction with targets. 

30 

Asymmetric cyanine dyes have achieved much interest due to their excellent nucleic acid 
staining properties. Upon binding to nucleic acids such dyes usually exhibit a large 
snhaaeentK m c< e intensity 5 ant idelyusei - rest t markers 1 >f ' -> 
in various contexts. 2 "" The interaction between double stranded DNA and the asymmetric 
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y mime dyes 1 1 C Figure If have beei invest! eel 1 se\cral 

stud and v ere found t< b nd b$ 1 ere lation u a noi specif i. b They also bii d 

strongly to single stranded DNA with a large accompanying increase in fluorescence 
intensity* This makes the dyes less useful in .studies where only a signal from double 

5 sir; d DNA is desirable There are, 'however fluorescent ligai i j 1 the 

minor groove instead of by intei Jin d not 10 si i| le 

stranded DNA, e.g. DAPI H! and Hoechst- derivatives, i! In contrast to most cyamne dyes 
these hgands have a DNA sequence selectivity, preferably for A/T-rich segments.' 2 
Furthermore, compared to the intercalating dyes they exert, a smaller perturbation of the 

10 DNA-dupiex upon binding. This is valuable in studies where its critical that the DNA is not 
stretched out, for example in certain fluorescence microscopy studies, u 14 Minor groove 
binders do not, however, exhibit an equally dramatic increase in fluorescence as the 
asymmetric cyanine dyes upon binding to DNA, which can display more than a thousand- 
fold increase.' For BO (Figure 1) a 400-fold enhancement in fluorescence has been 

15 reported, 0 whereas Hoechst and DAP! exhibit a ~95~fo!d t6 and a ~20-fold {7 increase, 
respectively. Another advantage of the ■ asymmetric cyanine dyes as labels for DNA is their 
relatively long absorption maxima, which reduces problems of background absorption from 
lateri; I ie absorption maxima of the dyes in figure 1 when bound to DNA 
varies from roughly 435 nra to 510 ran 49 '" compared to around 350 nm for Hoechst 33258 

20 (Hoechst ) and DAP! 17 A dye that combines the features of the minor groove binding hgands 
and the photophysical properties ol the ordinary asymmetric cyanine dyes would thus be of 
great value for detection and studies of DNA. 

As an initial effort towards such a dye we designed the asymmetric cyanine dye BEBO 
25 ( Scheme i). This dye has the same cyanine chromophore as the intercalating dye BO but the 
structure is extended with a benzothiazole substitaent hi the 6-position. The positioning of 
the benzothiazole moiety gives BEBO a crescent-shape similar to that of other minor groove 
hinders, e.g. Hoechst. The short synthetic route to BEBO starting from the commercially 
ivai 3 >enzot azoic ibsti 1 edth.ee oice of tht - o!e group 

30 (Scheme i) In adj. on wm i > <~ > 

have been s igge ed to u id it the mi 10 3e t 

we describe the synthesis and DNA binding studies ol BEBO and the analogous dye BO. 
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The fluorophores that are most frequently used today are Fluorescein, BODIPY, DAPJ, 
Hoechst and asymmetric cyanine dyes such as TO. YO and TOTO. Fluorescein and 

BODIP x ixt lit rv*. ~<>,i so. i\ > csl^' i l . ( v. i > otems 

vs. ere s DAP ! echst md Cya i e dyes are the uost co rrn >res c detection 
5 of nucleic acid. 




A HOECHST DERtVATE A CYANINE DYE 



DAP! {abs. .max 400 nm) and Hoechst (abs. max 350 nm) bind in the minor groove and are 
used as base-specific fluorescent probes for DNA with a 20 -fold increase in fluorescence 

IQ upon binding to DNA. In contrast asymmetric cyanine dyes has shown up to a 18.000-fold 
increase in fluorescence upon binding to DNA. They also have the advantage that the 
absorption and emission can be easily varied by changing the number of double bounds 
between the are i c a major drawback with asymmetric < s 

that they usually bind in a non-specific fashion towards DNA-sequences. { i.e. intercalate or 

15 fonn ion -pair complexes to DNA which may result in complex or weak fluorescence signal.) 
Therefore a cyanine dye that bind in a more organised way may have high fluorescence 
ins case >on irtdis t us, be a more sensitive fluo hores 

The minor groove is a convenient site for attack since it is normally unoccupied by cellular 
20 compounds such as proteins. It is also a perfect complement to concave cationic dyes due to 
the negative electrostatic p >tei I 1 ud die convex floot of the minor groove Certain minor 
groove binders stabilise DNA duplexes and can work as regulators of DN A -protein function. 
As a consequence, the development of sequence-specific minor groove binders may generate 
new compounds with anticancer and/or antiviral properties and thus, serve as an alternative 
25 and complementary approach to die antisense oligonucleotide strategy, furthermore, the 
mmor groove feeders bjnder ^stabilising effect upon DNA duplexes can be used in probes, j 
consisting of a minor-groove li gaxid-nucleic acid conjugate, to increase the melting 
temperatures fTnu of probe-DNA dnp]c\e- An increase o( the Tm ot p-oacs will aih>w a 
idle assay design 1 1 ' . > 1 1 > ' )f * e shoi a jt is an 

30 optima! Tm. 
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Sequence selective minor groove binders also has mismatch discrimination. Nucleic acid 
probes with minor groove binders as areporter group should have an increased difference 
between the Tra of mntel _ bet sing ise . J j_-i red nucleic acids than 

5 the corresponding probe with an intercalator as_a reporter group. Thereby increasing the 
discriminatory power of hybridisation assays. 

A useful feature of minor groove binders are a preference for double stranded DMA 
compared to single stranded DNA whereas intercaiators usually has no preference for single 
10 c ' 1 uk results n &m raino groove t ad > v s 

have lower background fluorescence than probes with an intercalator and as a consequence, 
a greater signal-to-noise ratio upon hybridisation. Fiutliermore, dyes specific for duplex- 
DNA can be used for quantification of DNA in mixtures contaminated by RNA or single 
stranded DNA. 

15 

SUMMARY OF THE PRESENT INVENTION 

One challenge is to develop numbers of 'highly sensitive fluorescent dyes with different well- 
separated emission spectra that bind in a precise way and thus allowing allow multidetection 
of a series of targets with high sensitivity. As mentioned, cyanine dyes can have up to a 

20 18.000-fold increase in fluorescence upon hybridisation which is almost .1000 times higher 
than the minor groove binders that are used today. Also the absorption and emission are 
easily tuned by varying ihe conjugated system in cyanine dyes. Thus, a cyanine dye 
substituted so that binding in the minor groove is ge¥e m governed but with the extraordinary 
fluorescence properties of the known cyanine dyes retained seems to be a highly interesting 

25 target compound. 
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Inspired by the concave structure of minor groove binders and the new findings thai a 
beazothiaz.oie and relaiedly- s true „ v> N havin g re gdsli lure may govern minor 
groove recognition ■h-j^a»-l)een-iWgaetl-»ai-}--i - -* ts , etrk cvamne dye 

suhst ed w h extra besa< h j < roup . - \ 

5 accordance with the. above. 

The interaction between this new dye and DNA were studied with various spectroscopic 
i e hods such as Low -LD and CD. 

10. These two techniques can provide information on whether a drug is binding to DNA by 
intercalation or groove binding. Weak induction of CD is usually associated with 
intercalating whereas asymmetric induction is .due to groove binding. Groove binding give 
civc a strong signal in Flow-LD. 

15 In the presence of calf thymus DMA a weak positive signal was observed in the flow DD- 
speetra. This can be due to heterogeneous binding with a mixture of intercalated and groove 
binding dye. On the other hand, in the presence of poly RdA-dX)]? a clear positive LD is 
shown providing a strong indication of minor groove binding. For poly [fdG-dO]?, only a 
weak negative signal was observed indicating a heterogeneous binding or a low abundance 

20 of intercalated dye. 

DESCRIPTION OF THE DRAWINGS 
Figure! , Intercalating asymmetric cyanine dyes 

25 

Figure 2. Flow LD spectra of BEBO complexed with: A) jpoiy(dA-dT)] 2 . B) ctDNA and C) 
BO complexed with ctDNA. normalised at the DNA base transition. Binding ratio R, 
dye:bases, were 0.05. [dye} - 11 udvl in all spectra, 

30 gore 3. N i > and abs« ci O in presence o 

GC) [poly (dG-dC)j 2 . { BO] - 11 pM. R = 0.025. 
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Figure 4a h CD spectra of BEBO in presence of (a) [poly ulA-rtTib R - 0.025 (A). 0.05 
(B), 0,10 (C), fD) * (C) - (B)j and (b) ctDNA (R values frora bottom to top are 0.1, 0.05, 
0.033, 0.025 and 0.0125). [dye] -11 pM in ail spectra. 

5 Figure 5a-b. Change in CD after addition of [poly (dA-dT)} 2 info samples of BEBO in 
presence of (a) [poly (dG-dC}] 2 and (b) ctDNA (R = 0.05 in both figures!, (poly (dA~dT)] 2 
was added to give mixing ratios, dye; AT-bases of; (a) (B) 0.1 and (C) 0.05, (b) from bottom 
to top: 0.1, 0.05 and 0.025. [dye] = II pM in ail spectra. 

10 Figure 6a-b. (a): Absorption spectra of BEBO free in buffer (A) and bound to calf thymus 
DNA (B) at R value of 0.02. (b): Absorption spectra of free BEBO in water-mcthanoi 
solutions with different compositions ranging from 0 to 100 % methanol (thickened lines}. 

Figure 7. Flow LP spectra of BEBO eompiexed with: calf thymus DNA (top left), poiyfdA- 
?| dT|: (bottom left), poly (dG-dC] 2 (bottom right), and BO eompiexed with calf thymus (top 
right). Mixing ratios (R ~ dye /'DNA bases) were 0.05 in all cases except for poly j dGAlGfo 
(R = 0.02). 

Figure JLCD spectra of BEBO eompiexed with: (---) poly[dA-dTj- 2 , (— ) poly |'dG~dC] 2 , at 
20 R « 0.05 and R - 0.02, respectively. 

Figure 9. BEBO dilution, raw data. Triplicates of five different concentrations of BEBO, 
positive and NTC. From top to bottom (left axis): 5 p.M (brown), 2 pM (purple), 0.8 uM 
(green). 0.2 pM (blue) and 0.05 pM (red). 

25 

Figure 10. Template dilution, normalized data, and the corresponding standard curve. 
IBEBOj - 0.2 pM. Six 10-fold dilutions of purified PCR-produet, from 10 9 to Iff 
copies/rxn. E = 0.74. The fifth sample (10 3 copies) was shown to be incorrectly diluted and 
should cross the threshold approximately one cycle later. 

30 

Figure 11. BEBO vs SYBR Green, raw data. Triplicates with three 100- fold template 
dilutions. This figure shows the higher had. ground fluorescence level for BEBO and the 
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tc a' loresce ce incre sc Note the linear inc -asv n bai iu< ce for the 

> 1 sa up es 

Figure 12. BEBO vs SYBR Green, normalized data. BEBO crosses approximately four 
5 cycles later than SYBR Green for the same template concentration. 

Figure 13. BEBO vs SYBR Green, raw data, triplicate 4-fold dilutions. [BEBO] - 0.4 uM, 
[SYBR] = 0.2X. The linear increase in background fluorescence is seen for BEBO but not 
for SYBR Green. 

10 

Figure 14. BEBO vs SYBR Green. Normalized data, A 4.5-cycle shift is observed across the 
whole range of dilutions. 

Figure 15. Melt curve. BEBO samples have melting peak average at 87.9°C, SYBR Green 
15 samples melting peak average at 88 J °C. 

Figure 16. Logarithmic display of a part of the exponential growth phase of SYBR Green 
(upper) and BEBO (lower) and its corresponding linear regression. 

20 Figure 17. Different types of DMA binding modes. 

Scheme 1. Reagents and conditions; I, Br 2 , KSCN, DMF, 3 h; u, 1. Mel DMSO, 17 fa, 110 
°C, 2. NaOHaq, DMSO; iii, 160 "C vacuum 1 h. 

25 Scheme 2. Reagents and conditions: Triethyiamiiie, dichloromethane, rt 14 h. 
DETAILED DESCRIPTION OF THE PRESENT INVENTION 



30 med out 1 t ' \ . ids solve th o j probiei 

the invention is mainly characterized by new compounds according to die following: 
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wherein V and \; are each independently O. S. or N, and R is H or a carbohydrate that may 
contain a hetero atom, and ni is 0 to 5, and n is 0 to 5; 

In one embodiment the cyanine dye has R being methyl, or ethyl, and m being i and n being 
5 0. 

In one embodiment the cyanine dye has R being methyl, or ethyl, and m being 1 and n being 
0 and At and A 2 being S. 

10 la.one embodiment the cyanine lye has R >emg i y reth 1 and ml a 1 man be g 
0 and A; and A 2 being O. 

In one embodiment cyanine dye has R being methyl, or ethyl and m being 1 and n being 0 
and A f being S and A 2 being O. 

15 

hi one embodiment the cyanine dye has the pyxkune/qumollne ring in the 2-position. 

One aspect of the present invention provides a probe for nucleic acid hybridization 
comprising a cyanine dye according to the above. 

20 

A further aspect of the present invention provides a method for carrying out a real-time 
PCR-reaction of a DNA template, whet em a fluorescent dye me mrcases its 

fluorescein reaction when it is leofeed bo und in a minor groove position in a double stranded 
DNA is m •> e comp ses at least 2 a 11 i > S} >th com rising at 

25 least one nitrogen atom, which rings are linked by a an alfcine gonp groop having up to four 
carbon atoms to form a conjugated bond, and the dye further comprises at least a third 
ux n linked thereto \ a bond havin i a > < > g character, such 

as as -i xmdo etkmethvne bond, to provide a stiff c< gated systen 

30 hi one > , s metric eye v 

In one embodiment of the method, one of the cyanine residues contains S and/or O. 



In one embodiment of the method die dye compound is crescent shaped. 
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[n om ei bod mem the dye h a derivative accord ng to I ! * mult s given above. 

(dearly the new dye binds differently to A-T rich and G-C rich regions. Results from CD- 
5 mea i l ve further supp i for gr< binding of > new dye 

For poly GC almost no signal is seen which is consistent with interealative or external 
binding, whereas for poly AT a very strong asymmetric induction is seen. 

10 It. binds to the minor groove of A-T rich regions and thus it stabilises A-T bonds more than 
G-C bonds in a DNA duplex. Therefore, if a probe is designed so that an A-T rich region is 
placed under the minor groove binder it can be used in probes to improve mismatch 
discrimination. 

15 Interestingly, our results further accentuate the preliminary reports in the literature that the 
heuzotfiiazole group has utility as a minor groove recognition element. If so, this is an 
important finding, since it«t opens possibilities for design of new drugs binding in the minor 
groove. 

20 Our first results show that it is possible to design and prepare asymmetric cyanine dyes that 
work as minor groove binders. 

ibmher, rv^MbrhUes broadening the present -cone are: Snve dicre fl s a well working 
synthetic route for the substituted cyanine dye the first step is the nitrogen in ortho position. 
25 2-BE.BCX from the methine substitueat 




2-BEBO 



30 
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BETO 2-BBJQ 

Along with the synthesis of the two .qalnoimium derivates. BETO and 2-BE16, the 
synthesis o i v < e and benzimidazole d ivates can be c me 

5 

The synthesis of these new benzoxazoie and benzimidazole substituted dyes will follow a 
slightly different synthetic route. 




The St'ilie coupling of similar compounds and the synthesis of the benzooxazok- and 
10 henzimklazoie-siannanes can be found in the literature. T he last step, the condensation of 
compound .1 with the pyridinium or quinolinium salt are routinely used in die synthesis of 
asymmetric cyanine dyes. 

SYNTHESIS 

1.5 

Typically asymmetric cyanine dyes are prepared by condensation of two quaternary 
heterocyclic salts with a thiomethyl group acting as leaving group on one of the salts. 
However, the use of an alternative condensation method developed by Deligeorgiev et al ~° 
furnished a synthetic route to BEBO of only four steps starting from the commercially 
20 a\ai able 4-subu 1 Scheme I). Thiocyanation of the aniline 1 with potassium 

thiocyaj it* «mne N ord c j uazole 2 in a 40 9* yield." 1 '" 

ation o f 2 by ode i ' > > lion proceeded in total 77 % 

I eld to pre due. the 2- ) , othiaz dine 3. The dye BEBO was prepared in 



Any. Dki No. 2923-0I50PUS1 
S. >sti Ac Spe I ! t- J up eop;> 

>4 £ by simpl) neltiag the benz 11 >get er v e pyi < 4 1 * C 

under vacuum. 2 '' 

f,.i s f' e BO xi 

5-4 v 1 liuxn iodide; was s^rtl € 

according to the classical method using a modii < [ ck ;dure by Zhou c? a/ {Scheme 2), 2i 
The dye was afforded m 46 % yield by condensation of the pyridinium salt 4 and the 
benzothiazoiiurn salt 5 in diehlororn ethane using triethyl amine as base. 

10 LINEAR DICHROISM MEASUREMENTS 

To study the effect induced by die benzothiazole substituent in BEBO on its. interaction with 
DNA. bit ( • s of the analogous dye BO were also performed as a comparison. Figure 
2 shows the flow linear dichroisra (LD) spectra of BEBO and BO with different DNA. LP is 

fS defined as the difference in absorption of light polarized parallel and perpendicular to the 
macroscopic axis of orientation. The ID-spectra of oriented DNA-ligand complexes may be 
analysed in terms of angles that the electronic transition moments of the ligands make with 
the DNA-helix axis to provide information about binding geometries." 4 The orientation of 
the DNA complexes was achieved using a flow Couetie ceil with outer rotating cylinder. For 

20 BEBO in the presence of [poly C'dA-dT)]? (poly- AT) a clear positive LD is shown providing 
a strong indication of minor groove binding (Figure 2). From the reduced LD, obtained 
through division of the LD by the isotropic absorption, the angle between the long 
wavelength transition moment of BEBO and the DNA-helix was calculated to be 44°. This 
is very similar to the angle for known minor groove binders, e.g., DAPI. 25 The major 

25 transition moment of BEBO can be expected to be polarized roughly along the line 
connecting the pyridine with the closest benzothiazole ring. 20 The weaker positive signal 
shown for BEBO in the, presence of calf thymus DNA (ctDNA) is possibly due to binding in 
the minor groove with an angle close to 54°. as suggested in earlier studies of symmetrical 
cyanine dyes.'" However, the hmUmg-nngle u poh-AT of +4 n ad, , m with s T nn e0o<> 

30 data (see below) propos nore conn ! to ctDNA with a i txiure of 

modes resulting in an average low LD signal. Although Hoechst and DAPi have a preference 
for minor groove binding to AT -rich regions it has been suggested that they bind to GC 
sec tees ^ a non-e assi i s ' D s model seems o be ap-si 
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here as so, since the reducec 1 spectrum of BEBO wit [p IG-dC)}? (poly-GC) show a 
tfc h > he same ampi <k is for th d>\ \ >a$es i di a (data not 

shown). 

5 In contrast to the binding of BEBO, IX> measurements indicate that BO binds by 
intercalation to ah three different polynucleotides studied: ctDNA (Figure 2>, poiy-AT and 
poiy-GC (Figure 3). The change in binding mode induced by the benzothiazole extension of 
the BO structure is particularly apparent in the case of poiy-AT. 

1 0 CIRCULAR DICHROISM MEASUREMENTS 

The smmgstrongly induced positive CD for BEBO in presence of poly- AT (Figure 4a) gives 
further strong support for binding in the minor groove. 29 Figure 4a shows the titration of 
poiy-AT into BEBO with binding ratios R, defined as the total number of dye molecules per 
15 base, varying from 0.025 to 0.1. The larger CD amplitude of BEBO at die highest 

ratio is rationalized by a contribution of exciton coupling interactions between closely bound 
chromophores. This is illustrated by subtracting the B spectrum (R - 0.05) from the C 
spectrum (R ~ 0.1) in %^Fjsure 4a to produce a spectrum typical of exciton coupling (Z), 
Figure 4a). 

20 

In die presence of ctDNA, the induced CD is smaller but still, intercalation or external 
stacking of the dye would not give rise to this large amplitude. Thus, there must be a 
significant amount of dye residing in the minor groove. The titration of ctDNA into BEBO 
with I 1 1 dig ratios R v« ig \ uld> to 0 .0 ,\ shown u t Figure lb \s wuh the 
25 binding of BEBO to poly- AT, there is a feature of exciton coupling interactions between 
closely spaced ligands at higher binding ratios. At lower binding ratio die signal is similar to 
that of the corresponding poiy-AT spectra, albeit with smaller amplitude. 

i EB< ise to only a very small i > (Figu 

30 5a), which supports an intercalative binding mode to GC -regions. This might partly account 
fox the ower CE < ^ - - ever, me mi st m\r in mind that 

ctDNA is more complex than just a mixture of alternating GC- and \T- segments. The 
amplitude of the CD spectra i n Jie presence of ctDMA is about one fomth of the poiy-AT 
specira if the binding ,o ctDNA is a mixture of groo\e binding o AT- regions and 



: ' s 
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intercalation to GC-regions then 75 percent would be bound in an imercalative fashion. Ibis 
does not hold since the ID should be significantly more negative in that case. Hence, a 
substantial amount of dye must be bound m a non-intercalative fashion to ctDNA at sites 
affording a lower induced CD than when bound to alternating AT. 

5 

The s gr i IC X i presena of ctDNA was r i ita no shown and 

ins * t> ji su tes the different binding a ode of BEBO compared to BO. 

POLYNUCLEOTIDE BINDING PREFERENCES 

10 

The extensive difference in amplitude of the CD signal for BEBO in the presence of poly- 
GC and poly- AT allowed a simple experiment to investigate a possible AT preference. 
When poly-AT was added to a sample of BEBO in the presence of poly~G€ (R ~ 0.05) the 
CD signal increased drastically, snowing a considerable preference for poly-AT (Figure 5a). 
15 These spectra were consistent with the CD spectra of BEBO in the p resence of poly-AT 
vifh a poly r t (figs c i) S u es the • lis 

A similar experiment was performed. to compare the binding affinities of BEBO to poly-AT 
and ciDNA. Again poly- AT was added to a sample of BEBO now in the presence of ctDNA. 
20 There was an increase in CD signal upon addition of poly-AT but not as large as when the 
] C i Figure 5b > Hence ere is still a re >nal l oun o 
dye bound to ctDNA at these ratios* showing that there must be other binding sites than 
alternating AT-regions in ctDNA that attract BEBO significantly, 

25 FLUORESCENCE AND ABSORB ANCE MEASUREMENTS 

Hie absorption and fluorescence properties of BEBO with different nucleic acids are 
summarised in table 1 In analogy with other asymmetric cyanine dyes BEBO has a large 
increase hi fluorescence upon bin ling t< DN \. The clear minor groove binding of BEBO to 
30 poly-AT affords a 180-fold enhancement in fluorescence intensity, whereas the increases 
upon binding to ctDNA and poly-GC are somewhat larger. In buffer solution, the free dye 
has its emission peak at 542 am compared to 492 nm for the bound dye. Using ethanol 
instead oi queoos 1 uffei as solvent, the free dye emission was shifted to 492 nm. and the 
fluorescence intensity was roughly ten times lower. Recently, aggregation of TO in the 
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presence and absence of DN.A was studied b s <> > f scopy anc 

t , estaii ns c lused 03 aggregate formation was seen;' 0 Tims, in buffer solution 
dinners or higher aggregates with longer emission maximum are probably formed due to the 
hydrophobic nature of the dye. 

5 

The shape of the absorption spectra of free BEBO in water further suggests the presence of 
dimers or aggregates (Figure 6). Absorption measurements of BEBO in different methanol - 
water mixtures showed a substantial increase and a red shift in absorption with increasing 
fimeag&amounts u net! moi (Figure 6b The dye tn Secures are p s o ably pieseot as 
10 monomers m pure methanol The absorption spectrum of free BEBO in methanol and the 
spectrum of BEBO completely bound to DNA have a very similar shape, which indicates 
that the dye is bound as monomers at low binding ratios. 

In summary, we find that the structural modifications of BO have induced a shift in binding 

15 mode from intercalation towards minor groove binding. Our results further imply the 
potential of the benzothiazoie group as a minor groove recognition moiety. The dye could be 
synthesized in only four steps esiy from the commercially available aniline I. The binding of 
BEBO to poly- AT is clearly in the minor groove as deduced from the CD- and LD -spectra. 
Similarly to that of DAPI and Hoechst, the binding of BEBO to pdly-GC is dominated by 

20 intercalation. With the random sequence. .ctDNA on the other hand, EEBO seems to interact 
heterogeneou \ I we s inferca on 0 GC segments and mroo groove binding to VI 
regions cannot be the only explanation to the LD- and CD-results obtained with ctDNA. 
There must be other preferred binding sites in ctDNA for BEBO, which induce a lower CD 
than poly-AT. The relatively large amplitude of the CD signal show, however, that there is a 

25 significant contribution of minor groove binding of BEBO to ctDNA. Consistent with other 
minor groove binders. BEBO has a distinct preference for poly-AT compared to poIy-GC. 
The fluorescence increase upon binding to the minor groove of poly-AT is larger than for 
Hoechst and DAPI. The binding properties of BEBO. in particular its strict minor groove 
binding to poly-AT. give promise for die development of a new class of asymmetric cyanine 

30 dyes with a strong preference for minor groove binding and a large increase in fluorescence 
upon b hiding. 
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EXPERIMENTAL EXAMPLE 

Preparation according to the reaction scheme 

5 The <iye I was prepared in four steps starting from the commercially available aniline 1. 
Thiocyanation of the 4-substhuted aniline 1 with potassium fhioeyanate and bromine in 
DMF afforded the 2-amh . iazole 2 in a 40 % yield. Methylation and deproionation 
of compound 2 proceeded in a total 70 % yield to produce the 2-imino-3- 
methylbenzothiazolme 3. The dye 5 was prepared In 20 % by melting compound 3 together 
.1 0 with the pyridinium salt 4 at 160 °C under vacuum. 

SYNTHESIS 

2KTii-n-bLity!stannyl}-berizothiuoIe (1) and 2-(Tri-n-butyl$tannyl)-henzoxuole (;2) wase 
15 prepared by treating benzothiazole and benzoxazole, respectively with n-BuLi at -78 °C, 
followed by addition of th-n-'butyltin chloride. 



6-BROMO-2-Mi:ieYL-BENZOTMIAZOLE{5> 

2 - T N ?romo w-H-r j_ te treated x th -v^, „ „ an! ydride py? i < to giv< i t 
acetanilide (3). Reaction of (3) with phosphorus pentasulfide in refiuxing benzene replaced 

25 hew rbony sxyget i> i sulpha aton f > ve the nilide (4 Separatk i 1 fon 

(3) is readily achieved by extraction with, aqueous NaOH. This is possible due to the fact that 
the sulphur atom is larger and more polarizabie than the oxygen and thereby able to form the 
% e m >! t xva-t^^-w mi on (4*). This ah 3 to foi 1 4 % also 

utilized in the final step, in which (4) is treated with sodium n^e^a^ii eniethoxide , and 

30 elimination of the bromine in 2po§if.ion leads 10 ring closure, giving the product (5). Upon 




Sol ei e Preparation oj tin o u f nannm t v 



20 
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removing the NMP by bulb-to-bulb distillation, it was discovered that (5) is easily purified 
by sublimation.: 




10 »^QeO IODO -2-M£THYL«BENZOTHLAZOLE (9) 

The synthesis of (5) and its iodo analogue (9) are very similar. However, in this ease the 
dihal tgenated acetai ilide (7) is achieved in acylation of ddodo- aniline io give (6). followed 
>y bwu t mer In tins s^ftffl-tr- >> .< -tep some of die iodine m the 4 p s 

15 was by bromine Attempts to separate ; form t i de from 

(7) were fruitless, which resulted in a product mixture of (9) and (5) in a. 3:1 molar ratio. In 
spite ot this, the mixture was used in following Stille-coupiing reactions. 
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Scheme: Preparation of (9) from 4-iodoaniline. 



6-BROMO-2-M£THYLTH!O-BENZOTHIAZOL£{10) 



Although not being used in our subsequent reactions, it should be mentioned that yet another 
halogenated eleetrophile. 6-Bromo-2-rnethylthio-benzothiazoie (10), was prepared. The 
synthesis of (10) is, as seen in the following scheme, quite uncomplicated. 
2--Met!iylthio-benzothiazoie is simply brominated in acetic acid with. FeCfe as catalyst. 



15 

SULLE-COUPUNGS 

To study ant tttmise the pal i at.al.yse 1 ci m mber of 

experiments we arried \s 1 diffs ent tart g n en Is id two d fercnt i itral 
20 ligands on the catalyst. However, the procedure describing the synthesis of (11) and (13) in 
he experims section 1 1 s. Cul is used for its co-cata 

effect on the coupling. Table I summarises the Siilie-experimenis carried out during this 
work. 



10 




Scheme: Broniination in 6-position of 2 - i» e?yk fee mefeyithio-ben2thiazole 



25 
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Enby OrganostaBoane Catalyst Product 



Yield 



1 (1) 

2 it) 

3 (I) 

4 (I) 

5 (1) 

6 (1) 



CD 



(2) 



Pd(PPh 3 ) 4 
HQ Fd(A«) 4 | 



■HH Pd(PPh 3 ) 4 



K>' N Pd(ppb 3 ), t^>A> N 



en) 



?d(AsPhj}4 



P4(AsPh 3 ) 4 



Pd(PPh 3 ) 4 



(11) 



0D 



» (is) 



v 



Low 
72% 
33% 
0% 



0% 



0% 



Table L A summary of the, Stliie-rmcdGns performed. 

In entry L pure product could not be isolated despite Has ? cr « >hy (d lor >forai on 

silica). However, a small amount of product was confirmed by mass spectrometry. The 
superior performance of iodine in comparison with bromine on the electrophiles has been 
previot ly tt a j > j t 1 - \ pert) is given b} be ne's greater 

ability to act as a leaving group. Another reason for the failed experiments in .entries 4-7 
might be dial the nitrogen in 4-posiiion to bronihc donates its free electro?- pair into the 
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arylring, thereby deactivating the electrophile. The reason for trying to use brominated 
electrophiies anyway was their more facile synthesis, Although tiie aiylhalide in entries 8-9 
in reality was a 3:1 {molar-} mixture of (9) and (5), the yields in table 1 we calculated with 
respect only to the amount of (9). This is due to the total reluctance of the brominated 
5 electrophiies in entries 4-7 to react. 



Using triphenylarsine as the palladium-ligand has been reported to show up to a 1100-fold 
increase in reaction rates, compared to triphenylphosphine. Surprisingly though, 
triphenylarsine was less effective than triphenylphosphme in the experiments performed. 
This may. ironically enough, depend on triphenylarsine 's superiority as iigand, which makes 
Pd{0) more liable to oxidize and the catalyst far more air-sensitive than the one with 
triphenyfphosphirle. Hereby, a small contamination of air- oxygen in the reaction vessel 
aassh femight substantially decrease the catalytic effect of tripherryiarsme-coordinated 
palladium, whereas the catalyst with phosphine-ligand is less affected. 



M0&BOXTO 

The two new asymmetric cyanine dyes BETO and BOXTO were prepared by the reaction 
20 paths shown in schemes 3 and 9. 



S&m* & The twoputl steps in ike synthesis &/8ETO. 




Mm^iilU m i ■ \ ■ Ohms of BOKTO. 
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B_\ treating (II) and (13.) with an excess of melted methyl tosylate. the j»etyiat« dmefhyiated 
salts (12) and (14) were formed in 70% and 56% yields respectively. These salts were 
5 allowed to react with 1 -methyl-quinolinium tosylate in diehloromethaue to produce the 
desired dyes. The yields in the last step were 27% and 30% respectively. 

Column chromatography was performed using aluminium oxide (activated, neutral, approx. 
150 mesh) deactivated by the addition of water to Broefcman grade III. Melting points were 

10 determined on a Mettler FPS2HT hot-stage microscope. ! H (400 MHz) and !5 C (100.6 MHz) 
NMR spectra were recorded at rt using a Varian 11NTTY-400 NMR spectrometer. Chemical 
shifts are in ppm, relative to solvent peaks for DMSO {§ 2.50 for ] H and 8 C 39.51 for b C 
NMR); J values are given in Hz. High resolution mass spectra were recorded using a VG 
ZabSpee instrument. UV-vis spectra were measured on a Varian Cary4 spectrophotometer. 

15 Fluorescence spectra were recorded using a SPEX fluorolog t2 spectrofiuorimeter. Hie LD 
and CD spectra were recorded on a JASCO-720 spectropolari meter. The orientation of the 
DNA complexes was achieved using a flow Couette cell with outer rotating cylinder. All 
spectroscopic measurements were performed at 25 °C in 25 niM sodium phosphate buffer 
(pH 7.0). Aqueous solutions of BEBO and BO were typically obtained from 2 mM stock 

20 solutions in DMSO. [Poly (dA-dT)fc and [poly (dG-dC)fc > were purchased as solutions in 
buffer from Pharmacia. Calf thymus DNA was purchased from Fluka. Commercial reagents 
chase* Sig Udrich ana used w (hoot further purification. The pyridiniom 
It 4 It- salt 5 were prepared as previously reports* 

25 2-AMIN0-6K6-ME1IIYL-BENZ0TIIM 

2-(4-am!nophenyl}-6-meuhyl-henzodiiazole 1 (4.0 g, 16.6 mmol) and KSCN (2.6 g, 26.7 
nmoi) were w ^ed )MF (20 m id cooled in an ice-bath. 8&> Br^j > nnio!) 
in DMT (15 ml) was added dropwise under 3 h. The mixture was stirred for another 20 la 
30 W{ w£ v , m' o i 1 u\,dt\d ni'Ln'iiaU li ed The ^ i k 

product was triturated on the sinter with several portions of boiling dtchloromethane to 
afford 2 as a light green-yellow solid (1.9? g, 40 %}. Mp 250-251 T 'H NMR (DMSO, o 
2.45 (31 1 s. Ar-CHs), 7.34 (1H, d, i=8.4, ArH). 7.50 (Hi d, 7=8.4, Arid), 7.89 UH. d, 7=8.4, 
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ArH), 7.91 (1H, s, ArH). 7.99 (1H, d, 7=8.4, ArH), 8.51 flH. s. ArH), 8.56 (2H, s, NH 2 ); 53 C 
NMR (DMSO): 6 21.10. 116.7, 120.7. 121.8, 122.1. 125.6. 126.9. 128.1, 129.7. 133.3, 
134.5, 135.0, 151.7, 165.9, 169.3; HR-FAB-MS m/z Found: 298.0521 C\ H P N 3 S4 iM+fPt 
requires M, 298.0473. 

5 

2-AI^O^METHYL.6-(6-METHYL-BENZOTfflAZOL-2-YL)- 
BENZOTM AZOLIUM IODIDE 

The 2-aminobenzothiazole 2 (0.3 g, 1.0 mxnol) was dissolved in DMSO (2 ml).} Methyl 
10 iodide (0.25 ml, 2.0 mrnol) was added and the mixture was stirred at 110 C C for 17 hours. 
The mixture was cooled and poured into water. The precipitate farmed was collected by 
filtration and washed with water to give the product as a yellow solid (0.38 g. 86 %). Mp 
267-269 °C; l H NMR (DMSO): 6 2,47 (3H, s, Ar-CHj). 3.74 (3H. s. N-CH.0, 7.38 (1H. d ; 
7=8.4, ArH), 7.79 (1H, d, 7=8.4, ArH), 7.93 (1H, d, 7=8.4, ArH), 7.95 (1H, s, ArH), 8.22 
15 ilH, d, 7=8.4, ArH), 8.75 (HI s, ArH), 10.19 (2H, s, NH 2 ); ,? C NMR (DMSO): 5 21.14, 
32.39, 113.9, 122.0, 122.2, 122.4, 122.7, 126.6. 128.3, 129.8, 134.7, 135.6, 140.9, 151.6, 
164.7, 168.9; HR-FAB-MS m/z Found: 312.0638 C16H14N3S2 (M*): requires M, 312.0629. 

:241VfMO-3-METHYL-6K6-METHYL.BENZOTeiAZOL«2«YL). 
20 BENZOTHIAZOLINE (3) 

2-amino-3 ethyl-6-(6 t thiazoi-2-yi) - ! .~ thiazo n iodide K3 g 0.68 

rninol) was taken up in DMSO (10 ml). Water was added (20 ml) and the mixture was 
hasified to pH 10 with aqueous NaOH (20%). The precipitate was collected by filtration and 

25 washed with water to produce 3 as a light yellow solid (0.19 g, 89%). Mp 146-148 5 C; 3 H 
NMR (DMSO): 2.45 <3H. s, Ar-CH ). 3.38 (3H. s. N-CH 3 ), 7.16 UR d. 7-8.4. ArH). 7.33 
<1H. d, 7=8.4, ArH), 7.87 OIL s, ArH), 7.90 (III s; ArH), 7.93 (IB, d, 7=8.4, ArH), 8.16 
(HI s, ArH), 8.55 (III s, NH); U C NMR analysis was not possible due to poor solubility of 
4 in available deuterated solvents; HR-FAB-MS m/z Found; 312.0619 C16H14N3S2 (M-Hf }: 

30 requires M. 312.0629 
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The benzothiazoline 3 (0.1 g, 0.32 nimol) and ! ,4-dimethyi-pwidinium : « ylate 4 was 
5 melted together at 160 °C under vacuum for 1 hour. DMSO (5 ml) was added and the 
mixture was heated at. reflux for 30 min. The mixture was added to aqueous KI (30%) and 
the precipitate formed was collected by filtration. The solid was purified by flash 
chromatography on neutral A1 2 G : , with methanol- dichloromethane (2:98) to give BEBO 
(0.04 g, 24%). Mp 280-281 °C; l H NMR (DMSO): 8 2.47 (3H, s, Ar-CH;V)» 3.76 (3H, s, N- 

10 CH 3 ), 4,02 OH s, N-CHO. 6.34 (IH, s, «CH-), 7.38 (1H, d. 7=8.1. ArH), 7.47 1 1 H. d. 7=6 S. 
PyH). 7.70 (1.H, d, 7=8.4. ArH) 7.93 (IB, d, 7^8.4, ArH), 7.95 (1H, s ( ArH), 8.18 (IH, d, 
7=8.4, ArH), 8.39 (Hi d. 7=6.8, PyH). 8.65 (Hi s, ArH); n C NMR (DMSO): 21.13, 32.99, 
45.11, 90.66, 112.0, 118.8, 120.9, 121.8, 122.2, 124.6, 126.7, 127.9, 128.1, 134.5, 135:2, 
142.4, 142.5, 150.1, 151.6, 156.4, 164.9; HR-FAB-MS m/z Found: 402.1145 C 23 H 2 oN 3 S 2 

.1 5 (M + ): requires M, 402. 1 105. 

2-(TEI*M-BUT YLST ANN YL)-BENZOTffiA^0IJE (1) 

20 ml of freshly distilled THF was flushed for 30 min with a stream of nitrogen after which 
20 -benzothiazoJe (1.0 g, 7.4 maid) was added. After being flushed for another 30 nun. the 
solution was cooled to -78°C and placed under inert nitrogen atmosphere. 0.9 equivalents of 
n-BuLi (2 M solution in hexane, 2.66 ml, 6.66 mmol) was added dropwise over a period of 
30 nun, during which the solution turned to deep red. The solution was kept at -78°C for 1 fa 
and then tri-mbatyltin chloride (2.0 mi, 7,4 mmol) was added dropwise over a period of 1 h. 
25 During this addition, the solution shifted from deep red to brownish yellow , then to g ■ , 

blue and finally to light brown. After yet another hour at -78°C, the solution was allowed to 
reach room temperature. The THF was removed on a rotary evaporator and the product, a 
yellow oil, was isolated by distillation m vacuo. Yield: 2.47 g, 79%. 5 H NMR (CDCU). S 
0.90 (t, J=S, 9H, 8u 3 Sn), 1.29 (in, 6H. BmSn), 1.35 (m, 6H, Bu 3 Sn), 1.63 (t, J =8, 6H, 
30 Bu 3 Sn). 7.37 (t, J^S. IH, ArH), 7.46 (t, J=8, IH, ArH, 7.96 (d, X=8, IH, ArH), 8.17 CD. 1=8, 
1M, ArH). 
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2- (TRI-N-B UT YLS T ANN Y L ) - 1 ENZOXi? DL! 5 

2 s i u f ?() min with a streai ol nil gei afte whicl 

5 benzoxazoie (1.0 g, 8.3 mmoi) was added. After being flushed for another 30 min, the 
sol don was c ed to 78 C and >lace< under inert nit? ? phere. 0 quivalents 
n-BuLi (2 M solution in hexane, 3.0 ml, 7.6 mmol) was added dropwise over a period of 1 h, 
during which the solution turned to pink. The solution was kept at -78°C for 30 mm and then 
tri-n-butyitin chloride {2.3 mi. 8.3 mmoi) was added dropwise over a period of 1 h. During 

10 this addition, the solution shifted from pink to brown. After yet another hour at -78°C, the 
solution was allowed to reach room temperature, at which it turned to deep red. The THF 
was ...removed on a rotary evaporator and the product, an orange oil was isolated by 
distillation in vacuo. Yield: 1.37 g, 40%. ! H NMR (CDCh): S 0.90 (t, J=7, 9H, Bu 3 Sn), L30 
(m, 6R BujSn), 1.35 (m, 6H, Bu 3 Sn), 1.62 (t, J=7, 6R B« 3 Sn), 7.29 ft, 2H, ArH), 7.55 (d, 

.1 5 Ilk ArH), 7.77 (d, .1 R ArH). 

2,4-MBROMO-ACET.4NILIBE (3) 

A solution of 2,4-Dibromo-aniline (3.0 g, 12.0 mmol). L.1 equivalents of acetic anhydride 
20 (1.35 g, 13.2 mmol) and pyridine (0.95 g, 12.0 mmol) was heated to 100°C. After a few 
minutes, a precipitate had formed and pyridine (~3 ml) was added to dissolve the precipitate. 
The solution was kept at 100 °C for two hours, after which it was allowed to cool to. room 
temperature and v. as poured into water. The precipitate formed was collected b> filtration 
and washed with water to give the product as a white powder in quantitative yield (3.9 g, 
25 slightly wet) *HNMR (CDCl 3 ): 8- 2.24 (a, 3R -CH 3 ), 7.43 (d, J 5-8.8, J 2 =2, 1H. ArH) 7.69 (s, 
J=2, .3 H, ArH) 8.27 id, J^8.8, 1& ArH). 

2,4»0IBROMO»TKLOACETANILIBE (4) 

30 1 v ac ulide (2.2 g. 7 » > . - 1 1 i. benzt ' I 

pentasulfide (3.34 g, 7.51 mmol) was added. The mixture was refluxed at 80°G. After a few 
g n i] sol d « s lotmed at the bottom ol the flask c suspend he >ol i < 
make stirring possible, an additional 20 ml of benzene was added and the mixture was 
swirled vigorously. .After refluxing for 5.5 h, thin layer chromatography (TIC) on silica in 
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n suggeste , < i c ! 1 tl > g ed. Al ns o 

temi ' tnre the bi >wnish slurr} was fi ered mc i < w s ec with diethj e ei 
Fbe home e/ethe ate - extract twice with NaOR (10%) Hie basic, aqueous phase 
was acidified to pH — 1 with cone, HQ. This gave a light brown, milky slurry. The 
5 precipitate could not be collected by filtration and the slurry was therefore extracted twice 
with diethyl ether. This resulted in a yellow organic phase, which was dried and evaporated 
to give the thioacetanilide as a brown, yellowish oil. Yield: 1.33 g, 57%. 'HNMR (CDCI 3 ): 8 
2.78 (S, 3H, -CH 3 X 7.50 (d, 1^8,8, J 2 =1.6, IH, ArH) 7.90 (s. J=l.,6, 1R ArH) 8.40 (d. 1=8.8, 
IRArH). 

10 

^BROMO-2-METHYL>BENZOTHIAZOLE{5) 

2,4-Dibromo-thioaceianiiide (1.33 g, 4.3 mmol} and 1.2 equivalents of sodium methoxkle 
(0.513 g, 5.2 mmol) was dissolved in 3 .mi NMP After 2 h at 150 °C and cooling to room 
15 temperature, the NMP was removed by bulb-to-bulb distillation. The. brown remnants were 
purified by sublimation to give the product as white crystals. Yield: 707 mg, 72%. { H NMR 
(CDC1 3 ): 8 2.83 (3, 3H, -CH 3 ), 7.55 (d, 3^8.8, J 2 =L6, 1H, ArH) 7.80 (d, J^8.8, 1R ArH) 
7.96 (s, 1*1.6, IRArH). 

20 4-IODO*ACETANILIDE (6) 

4-lodo-auilme (5.0 g, 22.8 mmol} and 1,1 equivalents of acetic anhydride (2.56 g, 25.1 
mnioi) was dissolved in 3 ml pyridine. After 2 h at 100 °C. TLC suggested complete reaction 
and the heati»g-heat_was removed. When the solution had reached room temperature, it was 
25 poured into water. The precipitate formed was collected by filtration and washed with water 
to give the product as a white powder. Yield: 5.86 g, 98%. ! H NMR (DM50): 8 2.03 (s, 3R 
-CH3) 7.41 (d, 1=8.8, 2R ArH) 7.61 (d, J«8.8, 211, ArH) 10.03 (s. 1H, NH). 

2-BROMO-4-IODO-ACETANILIDE<7) 

30 

To a solution of 4-Iodo-acetanilide (3.74 g, 14.3 mmol) in 20 ml HAc aq „ (70%), LI 
equivalents of bromine (2.53 g. 15.7 mmol) was added dropwise. After being allowed to 
react at 70 "G for 10 aiin, the solution was poured into water and the formed precipitate was 
collected by filtration (3.02 g), l H NMR showed a mixture of the desired product and 2,4- 
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dibrorao-aeetaailide in a 9:4 molar ratio. Total yield: 3.02 g, 65%. Yield of the desired 
product: 2.18 g, 45%. ! H NMR <CDC ^ 8 2.23 (s, 3H, -CH3), 7.60 u\ J-sS J;-l 6 * H 
ArH) 7.85 (s, 1-1.6, ill. ArH) 8.13 (d. J«8.8, 1H, ArH). Yield of the by-product: 0.84 g. 
20%. l H NMR (CDC1 3 ); Consistent with the spectrum of 2,4-dibromo-acetanilide described 
5 above. 

thioacetanilide (8) 

A total amount of 2.87 g of the 2-Bromo-4-iodo-acetuiiide (2.08 g, 6.1 mmoi) and 2,4- 
10 dibromo-acetanilide (0.80 g, 2.7 mmolj mixture was dissolved in -10 mi benzene and 
phosphorus pentasulfide (3.75 g, 8.4 mmoi) was added. The mixture was refluxed at 80 °C 
a k » v \ .. cool to room temperature, die brown slurry was 

filtered and the precipitate washed with diethyl ether. The benzene/ed^er filtrate was 
extracted twice with NaOH, (10%) and the basic, aqueous phase was acidified to pH ~l with 
15 cone. EC!. This gave a light brown, milky slurry, which was extracted twice with diethyl 
ether and resulted in a yellow organic phase. This phase was dried and evaporated to give a 
mixture of 2-hromo-4-iodo-thioacet?miiide and 2,4-dibromo-thioacetaniiide as a brown oil. 
Total yield: 2,14 g, 71%, Yield of desired product: 1.66 g. 77% f B NMR (CDG.o: 6 2.78 (S, 
3H, -CH 3 ), 7.68 (d, 1H, ArH) 7.96 (s, 1H, ArH) 8.29 (d, 1H, ArH). Yield of the by-product: 
20 480 mg, 57%. l H NMR (CDCb): Consistent with the spectrum of 
2,4-dihrorn 1 elan de described above 

64,OPO-2-METH¥L- i E N ZOimA5S0fcE BENZOTHIAZOLE (9) 

25 A total amount of 2.02 g of the mixture of 2-bronio-4-iodo~thioacetanilide (1.57 g, 4.4 
mmol) and 2,4-dibromo-thioacetaniiide (454 mg, .1 ,5 mmol) was dissolved in .1.5 ml NMP. 
Sodium methoxide (0.677 g, 6.9 mmol) was added and the mixture was stirred at 150 °C for 
2.5 h. When the brown solution had cooled to room temperature, the NMP was removed by 
bulb-to-bulb aiMjhamm. The brown remnants were purified by sublimation to give a mixture 

30 of 6-iodo-2-mehykiiediyi-benzothiaz(3le and 5-bromo-2-Hwbyl! m » '•> t ft 

ratio 3:ij as white crystals. Total yield: 1.33 g. 86%. Yield of desm 0 product: 1 .04 g, S6 C A . 
l H NMR (CDCb}; § 2.82 (s. 3H. -CH3), 7.68 id. J=8.4, 1H, ArH) 7.73 (d, J=8.4, 1H, ArH) 
8.16 (a. 111 ArHy Yield of the by-product; 289 mg. 86%. ! H NMR (CDCJ.3) Consistent with 
the spectrum of 6-bromo-2-methyl-ben2Qthiazoie described above. 
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6-BROV ■ M rHYLTHIO-BENZOTHIAZOLE (10) 

To a soluth ' 2utk i e (i.1.4 g, 6.3 mrao momine (1.2 7,7 

5 mmol) in 10 erixnj acetic acid, a catalytic amount of FeCl was added A.t*« x a s 
at 120 °C o\ei a period ol 4 x ^ 1 c < j cool ro room 

temperature and was then poured into ethyl acetate. The precipitate formed was collected by 
filtration, washed with ethyl acetate and refluxed for 1 h in ethyl acetate. Tins slurry was 
filtered and ethyl acetate was removed from the filtrate by rotary evaporation to give the 
10 product as yellow crystals (130 mg, 0.50 mrnol). The precipitate, collected by filtration from 
the refluxed slurry, was Soxhiett-extracted with n-pentane followed by diethyl ether. 
Evaporation of the solvents produced another small amount of the desired product (70 mg. 
27 mmol). Total yield: 200 mg, 0.77 mmol, 12%. 5 H NMR (DMSO): 5 2.79 (s, 3H, -SCB3), 
7.61 (dj j =8.8, J 2 =2, IH, ArH) 7.77 (d. j=S.8 1 .lH ! ArH) 8.32 (s, J=2, 1.H, ArH}, 

15 

216 mg of the mixture of 6-iodo-2-methyl-benzothiazole (169 mg, 0.61. mmol) and 
6-brorao~2-methyhbenzomia2o[e (47 mg, 0.20 mmol) was dissolved in 10 ml DMF. The 

20 solution was flushed 30 mm with nitrogen and Pd?dbaj (21 mg, 0.02 mmol) followed by 
addition of tn-phenylphosphine (46 mg. 0.18 mmol) wa s-adde d After another 15 ruin of 
flushing. Cul (45 mg, 0.24 mmol) was added and the mixture was flushed for yet another 15 
rain and placed under inert nitrogen atmosphere. 2-(Tri-n-butylstannyl .)• benzothiazole (500 
mg, 1.18 mmol) was added and the mixture, was heated to 60 '"C. After being kept at 60 °C 

25 for 6 h, die reaction mixture was allowed to cool to room temperature. The DMF was 
removed by bulb-to-bulb distillation to give a dark, yellow oil. This oh was purified by flash 
chromatography on silica with chloroform to produce the product as pink crystals. Yield: 
.169 mg, 74% (calculated with respect to total amount of 6-halogenated 
2-methy i -benzothiazole), 98% (calculated with respect only to. the amount of 

30 Modo-2-methyl-benzothiazole). hi NMR (CDCff): 5 2.89 (a, 3H, -CHd>. 7.41 it. J-7 6. IB, 
ArH), 7.52 (t. J^7,6. IH, ArH, 7.93 (&, .K7.6, IH, ArH), 8.03 id, J=*A IH, ArH). 8.09 (ci 
J-8.8, IH, ArH), 8.15 (d, 1=8.4, IH, ArH) 8.64 (s. IH, ArH). HR-FAS A -MS m/z Found: 
283.038 C t5 H„N 2 S> (M-H-H): requires M. 283,036; 
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2^i^;imL.3-MFJIiyL-6-(BENZOTeiAZOL-2-yL}-BENZOTHIAZOLIUM 
TOSYLATE (12) 

2-raethyl 6-<benzothiazoh2-yl)-bei zothiazoie (44 mg, 0.156 mniol) was. stirred for 5 h. at 90 
f%4 °C in melted methyl tosyiate (660 mg. 3.5 rnmoi). After being allowed to cool to room 
temperature, the product was precipitated by addition of acetone and collected by filtration. 
The precipitate was washed with acetone and allowed to dry over night. This gave the 
product as green crystals. Yield: 5.1 mg, 70%. ! H NMR (DMSOi: 6 2 28 (s, 3M. -CUxi 3.20 
(s, 3H, CH 3 ), 4.24 (s, 3H, -CH 3 ), 7.11 (d, 1=7.2, 2H, ArH), 7.46 (d, 1=7.2, 2H, ArH), 7.55 (t, 
i=7.6, IH, ArH), 7.62 (t, J«7.6, III ArH), 8.14 (d, J=8, IH. ArH), 8.25 (d, J=8, iH, ArH), 
8.45 (d, J=8.8, IH, ArH), 8.59 (d, J=8.8, iH, ArH), 9.24 (s, IH, ArH). HR-FAB-MS m/z 
Found: 297.067 C J6 B f3 N 2 S 2 (M + ); requires Al 297.052. 



15 PPAmLE)r2-3M'li¥L<BR>iDEME) >t MET»yL>QDlNOLLNHJM 

f I!IAZQLE)-2-METHYLH>ENl)1- METHYL-OIJINOLINIUM TOSYLATE (BET8) 

2-methyl-3-methyl-6d'benzothiazoN2-y1)-benzo^azdiium tosylate (17 mg, 36 pmol) and 1- 
20 rnemyl-quinolinkim te^Mtegyjafe (12 mg, 36 umol) was dissolved in 2 mi 
dichloromethane.. 2 equivalents of triethyl amine (10 ul, 72 umoi) was added and the deep 
red solution was allowed to react at room temperature over a period of 48 h, during which it 
turned to a brownish slurry. BETO was isolated as a red solid, by flash chromatography on 
neutral AW^ATO^wit.h methanol- dichioromethane (2:98). Yield; 6 mg. 27%. 'E. NMR 
25 (MethanoI-D 4 >: 6 3.64 (s, 3H, -CH 3 ), 3.83 (s, 3H, -CH 3 ), 6.14 (s. IH, CM), 6.71 (d. J«6.8, 
IH, ArH), 6.91 ft, 1=7.2, IH, ArH), 7.02 (t, J=7.2, IH, ArH). 7.29 (m, 311 ArH), 7,50 (m, 
211 ArH), 7.67 ft, 3*7.2, III ArH), 7.72 (d, 3=8.8, 111 ArH), 7.97 (s, IH, ArH), 8.02 (d, 
J =6.4. IH. ArH), 8.09 fcl j«XA IH, ArH). HR-FAB-MS m/z Found: 438.118 C7 6 H 3 oN 3 S 2 
CM): requires M 438.110. 



: \ j -v 81 " s -2~YL>BENZOTHO 
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216 mg of the mixture of 6-iodo-2-^a^¥v4rij : eth s 1 axols 69 mg, 0.61 mmol) and 

6 o m o i ihiazoie (47 ns 0.20 i icl) was d ssolved in 10 saiml. 

DMF. The solution was flushed 30 mm with nitrogen and JTMba (21 »«mg. 0 02 mmol), 
5 tn-phenyl-phosphine (46 mg, 0.1S mmol) and Cul (45 nig. 0.24 mmol) was added. The 
mixture was flushed for another 15 rnin and placed under inert nitrogen atmosphere. 
2-(Tri-n-butylstaBnyl}-be.nzoxazoie (481 mg, LIS mmol) was added and the mixture was 
heated to 60 '"'C. After being kept at 60 °G for 7 h, the reaction mixture was allowed to cool 
to room temperature. The DMF was removed by bulb-to-bulb distillation. Hie remaining oil 

10 was purified by hash chromatography on silica with chloroform to produce the product as 
red crystals. Yield: 154 mg, 71% (calculated with respect to total amount of 6-haloge.n.ated 
2-metJh.yj-benzothia7.ole), 95% (calculated with respect only to the amount of 
6~iodo-2-memy]-ben7.otlrhuole). f H NMR (CDCI3): 8 2.89 (s, 3H, -CH 3 ), 7.37 (m, 2H, ArH), 
7.59 (m, 1H, ArH), 7.78 (m, IE, ArH), 8,06 (4 3=8.8, III ArH), 8.40 (d, J-S.S, IH, ArH), 

15 8.75 (s, !H, ArH). HR-FAB-MS m/z Found: 267.058 Ch 5 H n N20S (M+H*): requires M, 
267.059. 



2«THYL>3-MjrrHYI,-6-(BENZOXAZOL-2-YL)-BENZOTML4ZOLIUM 
20 TOSYLATE (14) 

2miethyj-6-(benzoxazob2-yl)menzothiazole (50 mg, 0.22 mmol) was stirred for 3 h at 90 °C 
iu m excess of melted methyl tosylate {900 mg, 4.78 mmol). After being allowed to cool to 
room temperature, the product was precipitated by addition of acetone and collected by 
25 filtration Fhe precipitate was washed with acetone and allowed to dry over night This gave 
the product as light brown crystals. Yield: 56 mg. 56%. 5 H NMR (DMSO): 5 2.27 (s, 3H, 
®m* 3.21 (s, 311 -CH 3 ), 4.24 (s, 3H, -CHjJ, 7.09 (d, J=8, 2H, ArH), 7.47 (M, 4H. ArH), 
7.88 {t, J«8.8, 2H, ArH), 8.49 (d, J*8.8, Hi ArH). 8.64 (d. J=8.8, HI, ArH), 9.32 (a, IH, 
ArH). HR-FAB-MS m/z Found: 281.078 C )6 Hj.,N 2 OS (M + ) requires M, 281.075. 



4-[(3-MEimL-64BENZOXAZOL-2-YI.)-2,3-DimTOO-(BENZO-i^-TfflAZC MLI . - 
n]-l-MICTH YL-QUINOLINIUM TOSYLATE fBOXTOf 
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2-methyl-3-methyi-6^enzoxazole-2'yl)-benzotliiazoIium tosylate (20 mg. {44444 pmol) 
md hi^h^l]-n\ah\\-vm^ - ium tos> t.e 14 mg, 44 ■ umol) \ dissob < a 2 

ml dicMoromethane. Triethyl amine (10 ul, 72 umol) was added and the clear, red solution 
was allowed to react ai > 1 ich it turned to a 

5 brownish red slurry. BOXTO was isolated as a red solid, by flash chromatography on neutral 
AhOi with methanoLdichioroxnethane (2:98). Yield: 8 mg, 30%. l H NMR (Methanol -D 4 }: 8 
3.74 (s. 3H, -CH 3 >, 3.97 (s, 3H, -GH,}, 6.33 (s. 1H, CH), 6.88 (d, J«6,8, IB, ArH), 7.01 (in, 
211. ArH), 7.11 (d, J=7.2. IH, ArH. 7.17 (d, .1-7.2, 1H, ArH), 7.42 (d, J=7.2. 1H. ArH). 7.55 
ft, 1-8, IH, ArH), 7.63 (d, 3^8.4, 1H, ArH), 7.70 (t, J=7.6. IH, ArH), 7.91 (d, .1=8, IH, .ArH), 
10 8.13 (a, IH, ArH), 8.19 (d, J«6.8, IH, ArH), 8.23 (d, J=8.4, IB, ArH). HR-FAB-MS m/z 
Found: 422,134 C 2 6H 2 oN 3 OS (M*): requires M, 422.133. 
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I S » a - Measured at. at 25 X' in 10 mM sodium phosphate buffer ( pH 7.0). 
» b - D> e:bases j ati< ) of 1 : 1 00. 

* c - Fluorescence quantum yields, <j>F, were determined relative to fluorescein in 0.1 
M NaOH, assuming a <j>F of 0.93. 

* d - Increase in fluorescence intensity at 492 run when exciting at 467 rati. 

20 

The minor groove-binding, asymmetric cyanine dye BEBO (above) has been evaluated using 
real-time PGR and compared with SYBR Green I BEBO did not inhibit #ts PGR at low 
concentrations and the fluorescence increase upon binding to dsDNA was sufficient for real- 
time measurement on the instruments used. Background fluorescence was caused by 
25 aggregation and it was approximately twice that of SYBR Green at optimized 
concentrations. 

The fluorescence increase when binding to DMA was lower than for SYBR Green and 
caused a retardation of the curves and the Ct was delayed approximately 4 cycles compared 
30 to SYBR Green. 
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The similar dyes RETO and ROXTO both seem to have lower background due to less 
aggregation and larger fluorescence increase upon binding to DNA. Further testing will tell 
if these dyes are well suited for real-time PGR. 

5 

BEBO has been used in this study in real-time PGR and compared wife SYBR Green 1 A 
dye binding to the minor groove of dsDNA doesa-t d oes not perturb the DNA duplex like 
intercalating dyes, which could be useful in for example fluorescence microscopy studies. 

10 BEBO is an asymmetric cyanine dye and is designed with a curve shape complementary to 
the convex floor of the minor groove. The cyanine chromophore of RERO is the same as that 
of BO. The shape is similar to other minor groove binding dyes such as Hoecht and DAPI, 
but RERO shows a higher fluorescence increase when bound to DNA and absorbs at a 
higher, more convenient wavelength. Most minor groove binders and possibly also BEBO 

1 5 still intercalate in GC-rich regions, while in AT-regions it clearly binds to the minor groo ve. 
This study will analyze if and how the PCR-reaetion is affected by the binding of BEBO and 
how it compares to the commonly used as detection reagent SYBR Green I. 

MATERIALS AND METHODS 

20 

BEBO was supplied in a 5.8 mM stock solution in DMSO. Two real-time PGR instruments 
were used for the investigation; EightCyclex from Roche and the Rotorgene from Corbett 
Research. A previously developed and optimized PCR-system was used, amplifying a 240 
bp template from a stock of purified PCR-product. The concentrations for reagents used 

25 were [Mgj = 3 mM, [dNTPJ = 200 jiM, [primers] « 0.4 pM, [BSAj = 0.2 mg/mi and 1. U of 
Taq polymerase. 100 pM BEBO and 100X SYBR Green stock solutions were prepared in 
DMSO. Absorption maximum for BEBO is 467 nrn and emission at 492 nm. The Rotorgene 
(Channel 1 Excit: 470, Detect: 510) and the LightCycler (Excit: 470, Detect Ch 1: 530) both 
sffei ; tpi >pr ate det ;ctk n co i t cienc) E) is defined as fP N = P 0 i 1- K) l \j and is 

30 unless stated otherwise derived from a template dilution series as E = 10' t/a - 1 where a is the 
slope of the corresponding standard curve. For further details the reader is referred to 
protocols and the laboratory notebook. 
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RESULTS OF PGR 

A description of attached protocols and data-files is given in Table I. 'Dilution series of 
BEBO (0.05 - 5 pM) on the RotorGeoe (figFigure 9) indicated that 0.2 pM is a good 
5 balance between background fluorescence and signal increase and this concentration was 
subsequently used in template dilutions and in comparison with SYBR Green. As an 
indication of the level of PGR inhibition, a template dilution series was performed (H gFigure 
10) and the efficiency was determined to be 74 %. Figures 11-12 sfeewssjiow a comparison 
with SYBR Green (0.1X) and the results indicate that BEBO has higher .fluorescence 

10 background and. lower fluorescence increase. Efficiencies calculated from due dilutions were 
66 % for BEBO and 72 % for SYBR Green. This is lower than usually observed for this 
PCR-system using SYBR Green. BEBO-samples are consistently seen approximately 4 
cycles later than the SYBR Green equivalent. To test whether DMSO could decrease the 
high background fluorescence, 15 % DMSO was present in six samples (data not shown). 

I S Although DMSO in concentrations of up to 20 % is commonly used to increase specificity in 
PGR. total inhibition was observed. A second comparison between BEBO and SYBR Green, 
was performed with minor modifications to the protocol (F %Figure .1.4), [ BEBO] - (5.4 uM, 
[SYBR Green] « 0.2X, giving 80 % and 99% efficiency respectively. 

20 This study indicates mat BEBO is an appropriate non-specific dsDNA-bmdmg dye for use in 
real-time PGR. The concentration range of optimal use for real-time PGR in the instruments 
tset is 0.1-0.5 jiM Higher con e? I > wanted h scence 

while lower concentration than 0.05 pM does not give enough fluorescence increase. 

25 BEBO does not give rise to large inhibition of the polymerase chain reaction in the lower 
range of the concentration interval mentioned above. A major disturbance of the reaction 
occurs ai concentrations above 1 pM, where the PGR loses its specificity and only forms 
short, unspecific products, most likely primer aimers. Inhibition is observed at 0.4 pM, while 
0.2 mM BEBO doesn't seem to inhibit the PGR to any great extent. 

30 

v\ i i rnparing BbBO \\ th SY the i ^< st sti g 1 ferences are the increasec 

Si ence and the delay in Ct at the same template concentration. The 
efficiencies are higher for SYBR Green: 72 % vs 66 % for [SYBR] * 0 IX and [BEBO] = 
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0.2 MM, and 99 % vs SO % for [SYBR] ~ 0.2X and fBEBO] = 0.4 pM. The final 
i io ess ence rea 1 - ! le be bad of 8! ice that 

of SYBR Green. 

5 The background fluorescence is caused by aggregation of BEBO. resulting in spontaneous 
fluorescence. This aggregation seems to accumulate as the PGR is running, indicated by a 
linear increase in background signal seen in figures Figures 9. II and 13. At high dye 
concentrations, this phenomenon is also seen with SYBR Green (data not shown). To 
decrease the aggregation, which is virtually non-existent in ethanol or methanol 15 % 
10 DMSO was added to the reaction. The background decreased significantly, but also resulted 
in loss of specificity in the PGR. 

When using the LightCycler It was observed that much higher probe concentrations were 
needed to reach inhibition of the PGR. Up to 5 jiM BEBO gave specific product using the 
15 LightCycler while 2 BEBO on the RotorGeae gave no product. We conclude that this is 
due to significant adsorption to the glass surface of the glass capillaries used hi the 
LightCycler instrument. 

Presently, the information about structure, binding mode, molar concentration, etc. of SYBR 
20 Green I is very scarce. This makes a detailed comparison with BEBO difficult and some 
applications may require information about the dye used, currently only available for BEBO. 

CURVE ANALYSIS 

25 io furtk % s se was 

calculated t i. The analysis wa ocused 05 the <k a L on' 1 1 second co ipt is n 

between BEBO and SYBR Green. BEBO had an average efficiency of 0.9.1 and SYBR 
v eei P°7 This compares with he e* erics 50 am 

0.99 respectively. 

30 

Hie reason for BEBO to reach threshold approximately 4 cycles later than SYBR Green at 
in; c te up at* c nncentration is. probabh die lower fluorescence i screasc upon binding to 
-T \. Lu^ei efficiency alone cannot explain the whole delay of 4 cycles, and this is 
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confirmed by the efficiency derived from the curve analysis. SYBR Green binds effectively 
to the DN A di g CR and shows an early fluorescence cffec However, this effect seems 
to be too strong, as the PCR reaction is delayed during multiplication using SYBR Green, 
which is a disadvantage. Thus the SYBR Green interferes with the DNA molecule to an 
5 extent that may not he desirabl e in any way . 
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